The red brocket (Mazama americana) and gray brocket deer (Mazama gouazoubira) are sympatric in the Atlantic Forest and present a number of ecological similarities in their diet and habitat use, although interspecific competition in these species is poorly understood. This study aimed to compare abundance and produce evidence of niche partitioning between these species. We estimated population density, activity patterns, habitat occupancy, and detection probabilities for the 2 species in a large remnant of the Atlantic Forest of Espírito Santo, Brazil. Abundance was estimated using the distance sampling technique, and occupancy, detectability, and activity patterns were assessed using camera-trap monitoring at 39 sample sites over a 1-year period. During surveys, we obtained 44 sightings of M. americana and 74 of M. gouazoubira, with 199 records in which the species was not discriminated. We applied a correction for the unidentified sightings to avoid underestimating density. The corrected population size estimates were 3,668 individuals (confidence interval [CI] 95%: 2,989-4,601) for M. americana and 6,701 (CI 95%: 5,857-7,667) for M. gouazoubira. Occupancy probability for M. americana was best described by the large trees density (diameter at breast height > 50 cm) and the edge forest distance, while M. gouazoubira did not present any habitat preferences based on the covariates used for modeling. M. americana was mostly nocturnal, whereas M. gouazoubira was active mainly during the day. We conclude that, despite the abundance of these sympatric species, and their occupation of the same habitats, they may avoid competing for habitat and feeding resources through differences in their activity patterns.
The coexistence of species belonging to the same genus (congenerics) may depend on the evolution of adaptations that reduce interspecific competition (MacArthur and Levins 1967; Bulmer 1974; Leibold 1998) . Generally, this competition relates primarily to the exploitation of resources such as food and space, and specific adaptations in morphology or behavior patterns may be required to allow the effective coexistence of the 2 species. Niche partitioning may include the use of distinct habitats and dietary resources, as well as different activity patterns (Abrams 1983) .
The deer species of the genus Mazama are adapted morphologically for life in forest habitats and are found in a variety of vegetation types throughout their ample Neotropical distribution, extending from southern Mexico to central Argentina, and including the whole of Brazil (Duarte 1996; Eisenberg and Redford 1999; Weber and Gonzalez 2003) . However, there appear to be some differences in habitat preferences. Whereas the red brocket deer, Mazama americana, is generally thought to be dependent on mature forest, the gray brocket deer, M. gouazoubira, has been found in sparser vegetation, including grasslands, and even disturbed habitats such as agricultural plots (Schaller 1983; Eisenberg and Redford 1999; Leeuwenberg et al. 1999) , while maintaining a degree of dependency on forested habitats (Desbiez et al. 2009 (Desbiez et al. , 2010 . These 2 species are sympatric in many parts of their geographical distribution, including the northern portion of the Brazilian state of Espírito Santo (Eisenberg and Redford 1999; Weber and Gonzalez 2003; Rivero et al. 2005; Chiaravalloti et al. 2010) .
Data on habitat selection by individuals or populations are fundamentally important information for management and conservation measures (Caughley 1994 , Otis 1997 ). The quality of the habitats used by 1 species within the home range may reflect both their needs as ecological tolerances in places where they live (Jones 2001) . Thus, understanding which factors determine the presence of a species in a biome as threatened as the Atlantic Forest contributes to the development of conservation measures to ensure their survival in such areas (Jones 2001) . However, virtually nothing is known about habitat preferences and use in brocket deer, or the factors that may permit them to occur in sympatry.
With the aim of contributing to the understanding of ecological patterns in Neotropical ungulates, as well as the conservation of their populations, we evaluated the density, abundance, occupancy, detectability, and activity patterns of the red and gray brocket deer in a remnant of the Atlantic Forest of Espírito Santo, Brazil. In addition to determining the spatial and temporal distribution of the 2 species, this study analyzed their densities in different habitats. In particular, we expected that the 2 species have similar population densities in the reserve, since both species are hunted and share several characteristics. We tested the hypothesis that, when they occur in sympatry, the 2 species should present distinct patterns in space (habitat use) and/or time (activity period). To check if there exists a difference in habitat selection between species, we predicted the nature (direction) of the response of 7 covariates. A priori, we expected that the covariates measured should represent key habitat features for the species (i.e., trees density, understory cover, lianas density, and water resource distance) or elements possibly avoided by 1 or both species (i.e., main road distance, forest edge distance). We also expected to find a potential effect of poaching in the occupancy probability and detectability of the brocket deer species.
Material and Methods
Study area.-The present study was conducted in the Vale Natural Reserve (VNR), a protected area of 23,500 ha belonging to the Vale do Rio Doce Company. The reserve is located in the neighboring municipalities of , in northeastern Espírito Santo, Brazil (Fig. 1) .
The VNR was established through a gradual process of land acquisition, which started in 1955, when Vale bought its 1st properties in the region, and reached its current boundaries in 1973. The reserve is composed of 1 main block of forest (approximately 98.1% of the total area), and a much smaller fragment, known as Biribas Reserve, to the southwest of the main block.
According to the Vegetation Map of Brazil (IBGE 1993), the VNR is covered by dense rainforest, composed of a mosaic of habitats with 4 main vegetation types (adapted from Jesus 1987; Peixoto and Gentry 1990): coastal plain forest ("tabuleiro" forest), riparian forest, "mussununga" forest, and natural grassland. The evergreen tabuleiro forest has 2 or more upper strata and high densities of lianas and epiphytes, and covers approximately 68% of the total area of the reserve. The riparian forest, which covers some 4% of the reserve, is a mixed type of vegetation associated with streams, characterized by widely spaced trees and a predominance of palms. The Mussununga (covering approximately 8% of the VNR) is a type of woody vegetation on sandy soils, physiognomically similar to the tabuleiro forest at an early or intermediate stage of regeneration. The natural grasslands are isolated patches that occur throughout the forest at the sites of former ponds, in the geological past, and cover around 6% of the area of the reserve. In addition to these formations, approximately 8% of the reserve is covered by wetlands (swamps) and streams (Fig. 2) .
Line-transect surveys-To estimate the density and abundance of the 2 brocket deer species, we established four 5-km-long line transects, following the RAPELD protocol (i.e., rapid assessments, such as the RAP surveys carried out by Conservation International). To understand ecological processes within sites, we need long-term ecological research (LTER) sites. The Brazilian acronym for LTER is PELD; hence the name for the method, RAPELD (Magnusson et al. 2005) . Transects were separated from one other by a minimum of 4 km.
During a 13-month period (April 2013 to May 2014), the transects were surveyed using distance sampling techniques (Buckland et al. 2001; Fig. 2) . On a given field day, a transect was surveyed twice by a single observer starting at sunrise (between 0530 and 0630 h). The observer waited 3 h before starting the afternoon survey, between 1300 and 1400 h. The observer walked the transects at a speed of approximately 1 km/h. Each transect was surveyed twice a month, with the order in which the transects were surveyed being alternated each month.
For each sighting, we recorded the species and perpendicular distance of the animal from the transect (with a measuring tape), the length of the transect walked to that point, the date, the timing of the record, and the transect number. Species identification was possible only when the animals were stationary. We used external morphological characteristics to distinguish the species, including body size (M. americana is larger than M. gouazoubira) and color (M. americana is more reddish than M. gouazoubira), and the size of the ears, which are larger in M. gouazoubira.
The violation of one of the assumptions of distance sampling-the correct identification of species (Buckland et al. 2001 )-had a potentially deleterious effect on the estimates of population density, with considerable underestimates resulting from the non-identification of sightings. The morphological similarities of the 2 species often hampers the identification of individuals sighted during transect surveys, even by experienced observers. Facing the same problem in the Brazilian Pantanal wetlands, Schaller (1983) simply divided the unidentified sightings equally between the 2 species, while estimating density from a simple strip transect (not considering detectability of < 1).
Whenever the identification was uncertain, due to the physical similarities of the species, the sighting was recorded as "unidentified." To correct for this error of identification, we randomized these records using the proportion of each species found in the total number of transect sightings and cameratrap records. In support of this, the 2 species were recorded in similar proportions in the 2 sampling procedures, i.e., 38% M. americana versus 62% M. gouazoubira in the transect surveys and 40% versus 60%, respectively, in the camera-trap data. Using the proportion of observations that have been identified with certainty, we did 1,000 randomizations by setting a looping function in R software using the "Distance" package (R Development Core Team 2008; Miller 2012) . We fixed the estimated proportions in the looping function to designate the observations each time in the randomization process. At the end of the looping function, we obtained an average of corrected estimates. This correction increased the total number of records available for each species, allowing for more accurate estimates of population density and size.
Camera trapping.-We selected 39 sampling sites using a systematic random design stratified by vegetation type to ensure that all 4 of the principal vegetation types found in the VNR were represented (i.e., tabuleiro forest, riparian forest, mussununga, and natural grassland). This scheme was designed to model the occupancy probability of each species, as well as documenting their respective activity patterns (Fig. 2) . We placed a random grid over a digital map of the reserve, and identified the sampling points by selecting grid cells.
Camera traps were installed in the center of each selected grid cells, where animal tracks were observed. We did not use bait to attract the deer. This approach resulted in a relatively even distribution of points within the VNR, while maintaining independence among points, which were all separated from one another by a distance of more than 1 km. At each site, we installed 1 passive infrared Bushnell camera trap (Bushnell Outdoor Products) in picture function, approximately 40-50 cm above the ground. All stations were checked every 20-25 days to change batteries, when necessary. The traps were programmed to operate for 24 h/day. We collected samples between May 2013 and June 2014, where sampling intervals were 5 days with a 5-day gap in between in which the target species were either detected or not by the camera traps.
Covariates.-We used the same 7 covariates to model the occupancy probability for the 2 deer species. These were the edge forest distance (dist_edge), trees with a diameter at breast height (DBH) of more than 50 cm density (dens_trees), lianas density (dens_lian), nearest stream distance(dist_water), understory cover (und_cov), and main road distance (dist_main_ road). The potential effect of poaching on detectability was also analyzed, using records obtained by the reserve administration over a 10-year period (Vale Natural Reserve, Linhares, Brazil, pers. comm.).
The density of poaching within the study area was calculated using the georeferenced database of 10 years of poaching records collected by the reserve's security guards (Vale Natural Reserve, Linhares, Brazil, pers. comm.) . These records were used to calculate a poaching density (records per km 2 ) for each grid square in which a camera trap had been installed.
At each sampling point, we established 4 plots (30 × 50 m) arranged by the cardinal compass points (north, south, east, and west). In each plot, we measured the DBH of each tree and counted the number of large trees (DBH > 50 cm). Understory cover and the density of lianas were measured along the central (longitudinal) line of each plot, considering 5 m on each side of the line (transect width of 10 m). The density of lianas was based on the number of stems rooted within each 10 × 50 m transect. Understory cover was measured every 10 m using a 2 × 0.5 m sighting frame (each 0.5 m 2 portion representing 25% visibility). Understory cover within each transect was estimated by the mean visibility of the sighting frame at the 5 points sampled within the transect. The spatial covariates were quantified for each of the 39 sample sites using ArcGIS software (ArcMap 10.1-ESRI).
Data analysis.-Population density was estimated based on the total number of survey records in which the deer species was identified, as well as the corrected data (identified + unidentified records attributed to the species). We used DISTANCE 6.2 software to estimate these densities (Buckland et al. 2001 ). As no sightings were recorded in other habitat types, only forested areas were considered in this analysis. We considered the population as not being closed for the purposes of this analysis.
Based on the approach of MacKenzie et al. (2006), we estimated site occupancy (Ψ) and the detection probability (P) for each deer species, with 3 possible outcomes: 1) the site was occupied and the species was detected (Ψ × P); 2) the species was present but not detected (Ψ × [1 -P]), and 3) the species was not present and therefore was not detected (1 -Ψ).
We estimated detection probabilities by sampling each site on multiple occasions. The probability was the parameter projected by a maximum likelihood estimation of the proportion of sites occupied (Ψ) during the sample period. We verified that occupancy was closed (i.e., did not change) for both species using the single-season model. This exercise indicated that the occupancy status for each species was constant throughout the study, allowing us to use closed occupancy models (MacKenzie et al. 2006) .
In our occupancy analysis, we considered each species separately and assessed the covariates that might affect occupancy and detectability, in an attempt to identify divergences in habitat preferences. We constructed a set of 11 candidate models selected by a priori hypotheses based on 3 different approaches: 1) considering occupancy probability and detectability as constant across all sites for both species, 2) considering the variation in occupancy as a function of habitat covariates, and 3) considering the variation in detectability as a function of some covariates (i.e., poaching density, understory cover, and trees density). This allowed us to evaluate whether speciesspecific differences in habitat preferences were determined by a single covariate or a set of covariates, which would contribute to an improvement in the model's performance.
The occupancy modeling was run in the PRESENCE 9.3 software (Mackenzie and Royle 2005) with 2,000 bootstraps to assess the adjustment fit (p) and the over-dispersion parameter (ĉ). In our assessment of occupancy closure and the factors that influenced occupancy and detection, we ranked all models according to Akaike's information criterion (AIC-Akaike 1973). All models with a ΔAIC value of less than 2 were considered to be equivalent. We choose the best model from the entire set of models by using the Akaike weight (w). The Akaike weight provides a straightforward interpretation of the probabilities of each model's being the best model in an AIC sense (i.e., by calculating a weighted average of the beta of each covariate and using the AIC weight as the weighting variable).
The circadian cycle of each species was defined based on the timing of the photographs obtained from the camera traps. To avoid pseudoreplication, records were only considered to be independent when separated by an interval of 24 h. Circular summaries (Lund and Agostinelli 2007) were used to determine the mean overall timing of the activity of each species as recorded by the camera traps. A resampling approach was used to derive unbiased estimates of the 95% confidence intervals (95% CIs), whereby the circular mean from a random sample of 100 data points for each species was calculated 10,000 times with replacement to generate reliable estimates. To test if the activity period of the both brocket deers was affected by the poaching density, we used the Mardia-Watson-Wheeler test (Batschelet 1981) . Analyses were conducted in the "Circular" package in R (R Development Core Team 2008) with associated analytic packages.
Results
Density and abundance.-The 4 transects were surveyed 196 times (49 times each). During these surveys, M. americana was sighted 44 times (38% of identified sightings) and M. gouazoubira, 74 times (62%). We obtained a further 199 records in which the species could not be identified.
The corrected data on M. americana fitted best to a half normal curve with cosine adjustment. Effective strip width (ESW) was 3.95 ± 0.27 m, with sightings being obtained at distances of between 0 and 12 m from the transect. The density of the red brocket deer in the study area was estimated at 0.15 ± 0.015 individuals/ha, with a total population of 3,569 ± 354 individuals. The coefficient of variation for both parameters was 9.92% and the detection probability and encounter rate were responsible for 49% and 51% of the total variation, respectively. The corrected density estimate was 2.14 times higher than the uncorrected estimate (0.07 + 0.01 individuals/ha).
The corrected data on M. gouazoubira fitted best to a hazardrate curve with cosine adjustment. The ESW was 5.07 ± 0.44 m, with sightings between 0 and 15 m from the transect. The corrected density estimated for this species was 0.21 ± 0.02 deer/ ha, with a total population size of 5,816 ± 545 individuals. The coefficient of variation for both parameters was 9.37%, and the detection probability and encounter rate were responsible for 88.6% and 11.4% of the total variance, respectively. The corrected estimate of density was 1.75 times higher than the uncorrected estimate (0.12 + 0.01).
Occupancy models
Mazama americana.-The red brocket deer was observed at 29 of the 39 sampling sites, resulting in a naïve occupancy probability of 0.74. Based on the 11 different occupancy models produced (Table 1) , the probability of occupancy was best described by 2 habitat covariates-tree density (dens_trees) and the distance from the forest edge (dist_edge) and poaching. The probability of occupancy was higher (Ψ > 0.8) at sites where tree density (DBH > 50 cm) was higher than 800 individuals per hectare (Fig. 3B) . Occupancy was also higher (Ψ > 0.9) at sites located more than 500 m from the edge of the forest (Fig. 3A) . The occupancy was negatively affected by the poaching density, with occupancy probabilities ranging from Ψ = 0.99 to 0.16 (Fig. 4) . Detection probability also had a negative relationship with poaching density (Fig. 4) . Detection probabilities ranged from P = 0.44 to 0.31. Detection probability was also affected by the understory cover (und_cov), showing a negative relationship. The higher the percentage of the understory cover (25%, 50%, 75%, and 100%), the lower the detection of the species in the camera traps. The density of lianas (dens_liana) had a negative effect on the detectability, ranged from P = 0.58 to 0.01 (Fig. 5) .
Mazama gouazoubira.-The gray brocket deer was observed at all 39 sites, resulting in a naïve estimate of the occupancy probability equal to 1. As M. gouazoubira was observed at all sites without any pattern in the detection history between occasions, it was impossible to discriminate the effects of the covariates on the occupancy and detection probabilities for this species (Table 1) .
Activity patterns. We obtained 1,560 photographs of M. americana and 2,523 of M. gouazoubira. M. americana was mostly active during the night (peaking between 0100 and 0400 h), whereas M. gouazoubira presented the opposite pattern, being active primarily during the day, with 2 peaks, one between 0600 and 0900 h, and the other between 1300 and 1700 h (Fig. 6) . We did not find a relationship between the activity period with the poaching density (χ 2 = 38.23, d.f. = 38, P = 0.53).
Discussion
The correction strategy used in the present study allowed us to include all sightings, and thus maximize sample size. While using this correction appeared to compensate for the underestimates of population density, it is interesting to note that it had little effect on the relative abundance of the 2 species, with a ratio of 0.7 red brocket to gray brocket before correction, and 0.6 red:gray after correction. This would be consistent with the difference in body mass (adult body weight 34.9 kg in M. americana and 16.3 kg in M. gouazoubira-Groves and Grubb 2011) and related ecological parameters, i.e., carrying capacity (Robinson and Redford 1986 ). The red brocket deer (M. americana) presented a positive relationship with both the distance from the forest edge and the density of large trees (DBH > 50 cm). This may reflect the preference of this species for denser and better preserved forests (Eisenberg and Redford 1999) , and the possible avoidance of edge effects, primarily the increase in the understory cover of non-arboreal plants more resistant to direct sunlight, such as bamboo, lianas, and vines (Tabarelli et al. 1999) . A number of previous studies have shown a strong association of M. americana with mature forest habitats (Rivero et al. 2005; Tiepolo and Tómas 2006; Chiaravalloti et al. 2010) . As expected, the detectability was lower in places with higher percentage of understory cover and density of liana, what could be explained by the fact that 80% of the VNR is composed by forests (Jesus and Rolim 2005) with dense understory, which difficult the detection of the specie in the camera traps.
By contrast, the occupancy probability for M. gouazoubira was not affected by any of the covariates, and these deer were detected in all vegetation types in the VNR. This is because M. gouazoubira presents a higher plasticity in habitat use, being frequently found in savanna habitats and ecotones in South America (Eisenberg and Redford 1999; Rivero et al. 2005; Chiaravalloti et al. 2010) . A number of studies have shown that M. gouazoubira can occur in both open and forested environments, which may result in habitat-related differences in density between the two species (Eisenberg and Redford 1999; Tiepolo and Tomas 2006) . The occupancy probability and detectability of M. americana were affected by poaching pressure, reflecting the fact that this species is one of the most prized game animals in the Neotropics (Bodmer 1995; Wemmer 1998; Fa et al. 2002) . Chiarello (2000) has already emphasized the need for the implementation of effective measures to reduce poaching in the VNR as a necessary measure for the conservation of the species. However, poaching is still a major concern in the VNR, which is further supported by the results of our study. This pressure could lead to local extinction (Cullen et al. 2000; Peres 2001 ) and eventually turn this important reserve into an "empty forest" (Redford 1992 ). Di Bitetti et al. (2008) also identified M. americana as being highly sensitive to poaching pressure in Amazonian forests.
Although the 2 deer species overlapped spatially, they presented quite distinct temporal niches in the VNR. Whereas M. gouazoubira is predominantly diurnal, with activity peaking in the hottest hours of the day, M. americana is mostly nocturnal. The overlap in the spatial dimension may, thus, be offset by the reduced overlap in the temporal one (Schoener 1974) , contributing to the niche partitioning necessary for the longterm coexistence of these closely-related species (Pianka 1988; Begon et al. 2006 that sympatric M. americana is most active at night, while M. gouazoubira tended to be more active around dawn. As the 2 species share very similar diets, this behavioral asynchrony may contribute to a reduction in interspecific competition (Brannan et al. 1985; Gayot et al. 2004) . In southeastern Peru, Tobler et al. (2009) also found that the red brocket was more nocturnal and the gray brocket more diurnal. In Argentina, however, Ferrari (2005) reports that M. americana and M. nana are active during the same time phase, whether sympatric or not.
Although we found no direct evidence that poaching could be affecting the activity period, the activity pattern recorded in this study for M. americana could also be at least partly due to the strong poaching pressure in the VNR. This species does in fact appear to be able to adjust its activity pattern in response to poaching, becoming more nocturnal in areas where pressure is intense (Di Bitetti et al. 2008) .
By contrast, diurnal behavior appears to be more typical of M. gouazoubira. Barrientes and Maffei (1999) recorded 2 peaks of activity (0600-1000 and 1600-1800 h) in 2 radiocollared animals, while Maffei et al. (2002) also recorded diurnal behavior in an area where M. americana was almost completely absent.
Overall, M. gouazoubira is more flexible and uses a wider variety of habitats than M. americana in the VNR. This provides some evidence of spatial niche partitioning, although the primary dimension appears to be the difference in activity patterns. Gilbert et al. (2006) noted that, due to the enormous morphological similarities found among Latin American cervids, independent adaptations might have developed over time in Mazama species. This would account for the temporal segregation observed in our study.
Even so, additional studies of habitat use, diet, and activity patterns of the different brocket deer species under sympatric and allopatric conditions will be required before more consistent conclusions can be drawn on their ecological patterns. From a conservation perspective, future studies in the area should monitor population trends over time to develop a better understanding of these sympatric species. This will be important for the understanding of possible changes in habitat use and species interactions, especially in the case of M. americana, which is more sensitive to poaching pressure as well as habitat loss and disturbance.
